Random amplified polymorphic DNA (RAPD) analysis was evaluated for its capacity to distinguish species and strains within species of groups A, C and G streptococci. The 99 strains tested, previously typed by multilocus enzyme electrophoresis (MLEE), included 41 group A streptococci (Streptococcus pyogenes), 25 group G Streptococcus spp. (GGS), seven S. dysgalactiae, 11 S. equisimilis, four S. canis, three S. equi and eight S. zooepidemicus. The combined data obtained with three single primers distinguished 82 types. RAPD analysis provided taxonomic results that were in general agreement with previous species classification based on DNA-DNA homology and MLEE. The intraspecies typing efficiency of the technique was significantly improved by the parallel use of several primers. RAPD analysis had greater discriminatory power than MLEE for GAS and GGS. There was not total agreement between the two techniques as RAPD distinguished strains with identical electrophoretic types, whereas MLEE differentiated strains with identical PCR types. RAPD analysis did not distinguish all GAS strains with different biotypes and its already high discriminatory power was further enhanced by concomitant biotyping.
Introduction
Pyogenic streptococci of Lancefield groups A, C and G are major pathogens and cause a wide spectrum of disease in man and animals. Infections by invasive group A streptococci (GAS; Streptococcus pyogenes) became increasingly frequent during the 1980s [ 13. Cases of bacteraemia due to group C (GCS) and G (GGS) streptococci have also become more common [2, 3] . Human GCS infections are mostly caused by S. equisimilis and occasionally by S. zooepidemicus, whereas S. equi and S. dysgalactiae are associated only with animal infections [4] . This resurgence has led to a revival of interest in methods of strain characterisation within these species. Pyogenic streptococci may also cause outbreaks in hospitals and other communities [5-71, so that rapid, efficient typing techniques are required to identify the source of the strain responsible for an outbreak.
The standard method for epidemiological typing of GAS is by serotyping M and T antigens [8] , but this technique is restricted to a few reference laboratories. Many isolates are M-non-typable. Other phenotypic markers include biotypes, associated with serotypes [9] , and multilocus enzyme electrophoresis (MLEE) [lo, 111. Genomic typing methods, such as restriction endonuclease analysis (REA) of total DNA [12] [13] [14] , ribotyping [9, 151 and pulsed field gel electrophoresis [16] , have proved useful in the differentiation of strains within a serotype and the study of the epidemiology of GAS infections.
There are no widely available typing methods for GCS and GGS. A T antigen serotyping scheme has been developed for human isolates of GGS and S. equisimilis [5] , but it has failed to identify S. zooepidemicus strains [17] . Biotyping is a poor epidemiological tool, as most isolates give similar profiles [4, 171. Few studies have examined the efficacy of DNA-based techniques, and none has been used with isolates of the different species [18] [19] [20] . The genetic relationships of strains of GCS and GGS remain confused. Only three species, S. dysgalactiae, S. canis and S. equi, have taxonomic status [2 1,221. DNA-DNA homology studies indicate that s. equisimilis and human large-colony group G strains belong to the species S. dysgalactiae, whereas S. zooepidemicus is a subspecies of S. equi [22, 23] 
Material and methods

Bacterial strains
DNA preparation
Strains were grown overnight at 37°C in 10 ml of ToddHewitt broth. The cells were washed twice in TE buffer (50 mM Tris, 1 mM EDTA, pH 8), centrifuged and resuspended in a buffer containing 50 mM Tris-HC1 and sucrose 25%. DNA was released from bacterial cells by incubation with lysozyme 10 mg/ml and 6 M guanidine chloride for 1 h at 37"C, followed by proteinase K 10 mg/ml and sarkosyl 10% w/v overnight. DNA was precipitated with three volumes of cold absolute ethanol, washed with ethanol 70%, dried and dissolved in TE buffer. RNA was eliminated by incubation with RNAase (Sigma) 100pglml for 2 h at 37°C. Purified DNA was again precipitated with absolute ethanol, washed, dried and dissolved in TE buffer. Nucleic acid purity and concentration was determined by measuring the absorbance at 260 and 280nm.
Selection of primers and optimisation of experimental conditions
Eight primers, including the previously described 12-mer H2 [28] and seven other oligonucleotides that varied in length from 17 to 20 bp, were initially tested under different reaction conditions with 10 strains of the different species. Three primers were selected for further study because they gave reproducible and discriminatory patterns: H2 (5 'CCTCCCGCCACC3 '), P5 (5'GGACGGGCCTGGGCTGGT3') and P6 (5' CTGTGACACCGGGATACGA3'). The amplification conditions were optimised by varying the reaction parameters as described by Bassam et al. [29] .
Amplification conditions
The 50-pl reaction mixture contained 10 mM Tris-HC1, pH 8, 50 mM KC1, 1.5 mM MgC12, 150 pmol primer, 0.4 mM of each dNTP (Boehringer, Mannheim), DNA 50 ng, Tag polymerase (Beckman Instruments) 2 units and was overlaid with 2 drops of mineral oil. Amplification was performed in a thermocycler (Perkin Elmer Celtus: DNA thermal cycler 480); this consisted of initial denaturation (94"C, 5 min) followed by 35 cycles of denaturation (94"C, 1 min), annealing (36"C, 1 min) and extension (72"C, 2 min), with a single final extension (72"C, 3 min).
Detection of products
PCR products were analysed by electrophoresis in an agarose 1.5% gel containing ethidium bromide 0.66 pg/ ml. Gels were photographed under UV light with a type 55 Polaroid film. Patterns were compared visually by assessment of the number and distribution of the bands but not their intensity. Strains with similar patterns were electrophoresed again in adjacent lanes of the same gel. Experiments were repeated twice for at least one strain of each distinct type to test the reproducibility of the results.
Phylogenetic analysis
Data were analysed by Gelcompar (Applied Maths, Kortrij k, Belgium) software. Pictures were digitised with a scanner (Hewlett-Packard HP Scanjet I1 Cx), converted and normalised. The degree of similarity of strains was determined by the coefficient of Dice; clustering correlation coefficients were evaluated by the unweighted pair group method with arithmetic averages (UPGMA). Dendrograms were constructed from the results obtained with each single primer and the combined results obtained with the three primers.
Index of diversity
The discriminatory power of the technique was evaluated by use of the index of diversity (ID) described by Hunter and Gaston [30] , calculated from the following equation:
where N is the total number of strains and nj is the number of strains belonging to type j.
Results
RAPD banding patterns
Amplification of DNA from the streptococcal strains with primers H2, P5 and P6 resulted in banding patterns of two-to-seven fragments, ranging in size from 150 to 2500 bp. Fig. 1 shows an example of the patterns obtained with primer P6 for isolates of different species. Primer H2 distinguished among 48 types, P5 among 27 and P6 among 44 types. The primers did not differentiate the same strains, and therefore a combination of the results from several primers led to a substantial increase in the ID and number of types detected, yielding a total of 82 types with the three primers ( Table 2) .
Interspecies differentiation
The RAPD profiles of different isolates of the same DNA homology group were more related than those of isolates of distinct DNA homology group. In general, strains of the same species had one or more identical bands; this was not observed in any of the strains belonging to other species. However, other bands were common among species. Up to three patterns were common to GGS S. dysgalactiae or S. equisimilis strains, or both, depending on the single primer. The combined results for all three primers left only a single type that was common to GGS and S. equisimilis strains (type 15), and a single type that was common to GGS and S. dysgalactiae strains (type 14). In contrast, GAS, S. canis, S. equi and S. zooepidemicus strains had no fingerprints in common with other species. The dendrogram obtained with the combined data of the three primers gave five main clusters (A-E) in general agreement with the results of DNA-DNA hybridisation studies (Fig. 2) . Cluster A included GGS, S. dysgalactiae and S. equisimilis strains, cluster B corresponded to S. equi, cluster C to GAS, cluster D to S. canis and cluster E to S. zooepidemicus strains. However, S. equi and S. zooepidemicus strains, of the same DNA homology group, were found not to be closely related. The agreement between RAPD analysis and DNA-DNA hybridisation was significantly improved by combining the data obtained with each single primer (data not shown).
Intraspecies discriminatory power
Some bands were species-specific, but others were found in only one strain or a few strains, indicating intraspecies polymorphism. Table 3 shows the number of RAPD types detected within each species. Primer H2 was the most discriminatory for GAS and S. zooepidemicus strains, and P6 was best for S. equisimilis and GGS. The number of types significantly increased when the results obtained with several primers were combined.
Strain typing by RAPD and MLEE
The two techniques were in broad agreement, but the correlation was not total. RAPD analysis enabled the differentiation of strains of identical electrophoretic types. Thirteen groups of strains indistinguishable by MLEE, including seven GAS, could be divided into subtypes by RAPD typing. The converse was also observed. Eight groups of strains with identical RAPD types, including only three of GAS, could be hrther subtyped by MLEE. Table 2 shows the increase in ID and number of types using these two techniques together. RAPD with three primers had greater discriminatory power than MLEE among isolates of GAS and GGS ( Table 3 ). The number of types detected within these species was only slightly increased when the results of RAPD were combined with those of MLEE.
RAPD and biotypes of S. pyogenes
Six biotypes were observed among the 41 GAS strains (Table 1) . There was no clear correlation between RAPD types and biotypes. Isolates from distinct biotypes gave identical RAPD patterns. Within each biotype, RAPD and MLEE had similar discriminatory powers (Table 4) . A combination of biotyping and PCR typing differentiated 39 of the 41 strains tested, whereas all strains were finally discriminated by the parallel use of biotyping, MLEE and RAPD. I   1  2  3  4  5  6  7  8  9  10  1 1  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80 Leptospira strains were in general agreement with those of DNA homology studies [32] . RAPD analysis of relationships within trypanosomes and Leishmania species gave a similar phylogenetic tree to that determined by MLEE [33] . Similarly, the results of this study on pyogenic streptococci are in broad agreement with those of studies based on DNA-DNA hybridisation and MLEE, and in general substantiate assignments to previous species. All the strains of GAS were distributed in a single cluster, confirming GAS as a separate species group. GGS, S. dysgalactiae and 5'. equisimilis had similar banding patterns and belonged to the same cluster. S. canis strains, which differ from other group G strains by biochemical tests and DNA hybridisation [2 I], were clearly differentiated from human GGS, in complete agreement with the current taxonomic status of this species. It has been suggested that S. equi and S. zooepidemicus, members of a single DNA homology group, but with differences in biochemical and numerical studies, should be reclassified as S. equi subsp. equi and S. equi subsp. zooepidemicus [22] . This study found that, although they shared one or more bands with each primer, 5'. equi and S. zooepidemicus strains were clearly separated into two distinct clusters of the dendrogram. The agreement between the dendrogram generated from the RAPD patterns and DNA homology groups was improved when the data obtained with each single primer were combined. Thus, these findings indicate that the taxonomic value of RAPD can be increased by using several pnmers.
Recently, RAPD analysis was evaluated and compared with REA of genomic DNA and serotyping for typing strains of GAS [28] . Of the seven primers tested, including the universal 20-mer primer M13 [25] and six other 12-mer oligonucleotides, primer H2 used alone was the most discriminatory; this enabled the differentiation of 3 1 patterns among 160 isolates. RAPD analysis was better than REA at differentiating isolates of the same or different serotypes, although it could not do so for all serotypes. The authors recommend that RAPD is used in parallel with serotyping, unless a primer or combination of primers with better discriminatory power is discovered. The present study tested several 1 7-mer-20-mer oligonucleotides in addition to primer H2. As previously described, H2 gave the most polymorphic patterns with GAS strains, whereas P6 discriminated best for GGS and S. equisimilis. However, combined analysis with several primers significantly increased the number of types detected. The most effective combination of two primers was that of H2 and P6. This distinguished 33 of the 41 GAS strains and 17 of the 23 GGS, and its discriminatory power was further increased by using three primers (Table 3 ). The more polymorphic results for GAS in the present study when compared with the findings of Seppala et al.
[28] may be due to the very different origins of the strains analysed. Their sample was composed entirely of recent isolates from blood cultures of patients in hospital and nearly all TIMI isolates, accounting for 25% of the strains, had the same RAPD pattern. Other studies have shown that most TlMl recent isolates belong to a single clone [13] . In contrast, our collection included both reference strains and clinical isolates from various specimen types.
As reported previously for other bacteria [34] , RAPD analysis appeared to be more effective than MLEE for typing pyogenic streptococci. Strains of GAS or GGS with identical ETs could be differentiated by distinct PCR fingerprints. Conversely, MLEE could subtype strains with identical RAPD types. These findings support the notion that the parallel use of several typing systems increases the power of strain discrimination. However, MLEE provides little additional information for GAS and GGS to that provided by RAPD.
As described previously [9] , biotype 3 was the GAS most frequently type found, followed by biotypes 1 and 5. Biotypes and PCR types did not correlate and RAPD could not distinguish all isolates with distinct biotypes. This finding is not surprising, as Seppala et al. showed the RAPD could not differentiate all strains with different serotypes [28] , and biotypes have been shown to be closely associated with serotypes [9] . Thus, the concomitant use of biotyping could further enhance the already high discriminatory power of RAPD. A simple and reasonably efficient method of typing GAS isolates may consist of a combination of biotyping and RAPD analysis with primers H2 and P6. This combination differentiated 36 of the 41 strains tested in this study.
In conclusion, RAPD is a useful technique for distinguishing species and strains within species of pyogenic streptococci. It provides taxonomic results in accordance with previous species assignments and is more discriminative than MLEE. For GAS typing, we recommended that it be used in parallel with biotyping.
